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Overview
In coal mines, it is a common occurrence for there to be emissions of “fugitive” 
methane as a result of mining operations. In 2007, 63 miners were killed in a methane 
gas explosion in a coal mine in the Ukraine 2. Much attention must be paid to the 
dangers of working around this flammable gas, and besides being flammable, 
Methane is also a greenhouse gas roughly 25 times more powerful than CO2
3. 
To ensure worker safety, and also assist in design of ventilation systems that could 
filter or decrease methane exhaust, it is very important to know at what mixtures of 
air containing methane becomes flammable and dangerous. We can determine this 
using stoichiometry and CAFT (Calculated Adiabatic Flame Temperature) 1. 
In these experiments, researchers varied the content of air and measured how it 
affected flammability of methane in a computer simulation. Air is mostly composed of 
oxygen, carbon dioxide, and nitrogen. In this case, some proportion of methane is also 
assumed to be present. In isolated environments researchers varied the 
concentrations of these substances and recorded the results. They used these results 
to create graphs of the CAFT, and validate the appropriate CAFT value. From these you 
can determine whether the mixture is flammable or not in certain regions of these 
graphs, and visualize the effect of certain elements on overall flammability 1. 
Key Terms
• Stoichiometry: Using proportions of elements in a reaction to determine 
the mathematical relationships between products and reactants 1.
• Adiabatic: Without heat transferring into or out of system 1.
• Fugitive Methane: The term regularly used for methane released during 
mining, or other methane release from the environment 1.
• CAFT: “Calculated Adiabatic Flame Temperature”, effectively used to 
determine whether some mixture is flammable at given proportions. The 
CAFT was treated as 1450 K 1.
• UFL: Upper Flammable Limit, highest point at given proportions that is still 
considered flammable 1.
• LFL: Lower Flammable Limit, lowest point at given proportions that is still 
considered flammable 1.
• CH4: Methane
• O2: elemental Oxygen
• N2: elemental Nitrogen
• CO2: Carbon Dioxide
https://kaiserscience.wordpress.com/chemistry/chemical-reactions/combustion/
Basic Concept
A combustion reaction is defined by a
Substance burning in the presence of 
Oxygen and giving off heat, often referred
to as exothermic. 
Here is the basic reaction for methane 
combustion with oxygen. 
CH4(g) + 2O2(g) CO2(g) + 2H2O(g)
It is assumed in this combustion reaction 
that heat is produced, and the temperature
of that heat is what was used to determine CAFT. The Stoichiometry comes in 
when we alter the amounts of reactants on the left side, yielding different 
products on the right side. In this case, the alterations of reactants will also result 
in a different flame temperature/flammability 1. 
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The Experiments
Below is a more complex representation showing more of the elements involved 
in a real life scenario. While many elements seem like spectators, they are 
important here as their presence effects the flame temperature of the combustion. 
Researchers varied concentrations of the reactants (Shown in Red)  in a controlled 
environment to determine how various mixtures and concentrations affected 
flame temperature, and thus helped determine CAFT. Note: This reaction is not 
balanced but simply a representation of what is present.
CO2(g) + O2(g) + N2(g) + CH4(g) H2O(g) + CO(g) + CO2(g) + N2(g) + Carbon Solids
The researchers ran Three experiments using a computerized system GRI 3.0.
In experiment 1 they varied concentrations in a mixture of CH4, N2, and O2
In experiment 2 they varied concentrations in a mixture of CH4, CO2, and O2
In experiment 3 they varied concentrations in a mixture of CH4, 10% CO2+N2, & O2
In the Final experiment they analyzed soot formation relative to the CAFT.
While there is the UFL and LFL, researchers were using CAFT as the threshold for 
referencing whether some mixture was flammable. Thus, most of this research 
focuses on CAFT shown as the “Stoichiometric Line” on graphs 1.
Explanation of Graphs Themselves
Throughout this research, most data has been 
converted into these triangular charts, which 
represent the proportions of each substance. In a 
spiral orientation, each side of the triangle represents 
a scale of increasing concentration in (mole ratios) of 
the given substances’ gas molecules. So for the 
example shown, the top of the triangle represents a 
low concentration of O2 and high concentration of 
methane, while the lower right corner represents a 
low concentration of methane and high concentration 
of N2.  The vertex points are actually pure substances 
at 100% mole ratio.
The colors inside the triangle then depict the 
temperature at which a flame would theoretically 
burn, with Gray up to Teal being generally flammable. 
There are some black lines showing the specific limits 
of flammability, marked UFL for the highest limit, and 
LFL for the lower limit. Generally the Blue Colors 
indicate a mixture not at all flammable 1. 
O2 vs. CH4 vs. N2 1
Results of Varied CH4 and N2
In the first part of the experiment, researchers measured the relationship 
between CH4 and N2. Oxygen is present in every graph of this research, which is 
fundamental to almost all flammability tests. 
Results:
A higher nitrogen ratio made for hotter flame temperature, While flammability 
overall decreased as percent nitrogen increased. This means that consistently, the 
presence of oxygen in the environment will reduce flammability. 
As expected, A higher oxygen ratio made for lower CAFT,
While flammability overall increased as percent Oxygen increased 1.
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Results of Varied CH4 and N2
O2 vs. CH4 vs. N2
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Results of Varied CH4 and CO2
In the second part of the research, they detail the results for varied concentrations of CO2 and 
CH4. Oxygen is also present in this graph.
Results:
Flammability overall decreased as percent carbon dioxide increased. Notice in the upper 
portion of the triangle, the teal area experiences a bit of a inward curve. This means the upper 
flammability limit (UFL) is being forced inward by the curve induced by CO2 concentration. 
Again, as expected a higher oxygen ratio made for lower CAFT,
While flammability overall increased as percent Oxygen increased 1.
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O2 vs. CH4 vs. CO2
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Results of Varied CH4 and CO2
CH4, CO2, and N2
When running an experiment with both N2 and CO2 results helped make comparisons 
between the affects of both gases. CO2 augmented the Lower Flammable Limit, while 
decreasing the Upper Flammable Limit, Effectively Shifting the Flammable zone 
downward. 
N2 however reduced the flammable zone in every way. Raising the LFL and lowering 
the UFL. This makes percent N2 a great way to simply reduce overall flammability 
1.
N2 and CO2 Affect on Flammability 
1
N2 and O2 Affect on Flammability 
1
Affects of Soot
Research thus far didn’t take any soot formation into account. Below 
are two graphs showing the triangle without soot (left), and with soot 
(right). Soot formation just induces a slight deflection of the Upper 
Flame Limit, lowering theoretical flammability. However this effect on 
CAFT is very small, and considered negligible. It would be safer to 
assume no soot formation and potentially higher flammability 1.
Without Soot 1With Soot 1
Conclusion
In this research scientists determined which range of mixtures between Oxygen, Methane, Nitrogen and 
Carbon Dioxide are flammable, and also discovered the influence of certain components on overall flammability. 
It was found that as Nitrogen content increases, the entire flammable area between UFL and LFL shrinks. When 
Carbon Dioxide content increases, flammability also decreases, though less consistently. When Nitrogen and 
Carbon Dioxide effects on the flammability were compared there was an interesting result.  The Oxygen rich 
mixture actually becomes slightly more flammable in the presence of Carbon Dioxide, but this is a very minute 
effect compared to how much Carbon Dioxide reigns in the UFL. Nitrogen however, consistently reduces 
flammability in both the UFL and LFL. The effects of soot were also looked into. Since the majority of soot 
formation occurred out of the flammable zone, the effect on flammability is negligible. One can generally find 
that Methane-Air mixtures are not very effected by soot. 
This research is important because it sets the foundations of safety limits in all  environments containing 
methane. The researchers derived and tested an improved temperature for CAFT which has wide applications for 
any Methane related calculations. This data could allow for the creation and accurate calibration of detectors 
that can examine the air content, and predict when the air mixture is approaching or has reached dangerous 
flammability. Since methane is a component in biofuels, waste management, coal mining, and other industries, 
this research will help those industries operate more safely and effectively 1. 
To advance the research I would actually look into reliable detection mechanisms of the air-methane 
mixture. This could lead to various methane-specific detection systems, and their integration into safety 
networks that constantly monitor. The Impact this research could have is mainly aimed at safety, and perhaps 
design of methane powered systems. Safety is always impactful to society, as it lowers the risks of injury to all 
involved. Imagine if this research is what stops the next coal mine explosion? Those people getting to go home to 
their families validates almost any research.
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